Abstract: An initial step in the genetic transformation of Phalaenopsis violacea orchid species was investigated in the plant-Agrobacterium interaction. Agrobacterium tumefaciens strains EHA 101 and 105, harboring the pCAMBIA 1304 plasmid contains gfp gene as the reporter gene marker, were used in this transformation study. The spectrophotometric GFP assay provides information on the amount of inoculated Agrobacterium tumefaciens that effectively bound to various orchid tissues. Different temperatures during co-cultivation period, the concentration of Lcysteine, calcium (CaCl 2 ) and silver nitrate (AgNO 3 ) in co-cultivation medium during cocultivation period were identified to be major and important factors in enhancing the increase percentage of transient gfp gene expression in PLBs. Agrobacterium tumefaciens EHA 105 was proved to be better bacterial strain in transforming the targeted PLBs than EHA 101, based on the notably higher transient expression of gfp gene in all the optimization parameters that were tested. Highest T-DNA delivery efficiencies were obtained when P. violacea PLBs were co-cultivated with Agrobacterium tumefaciens strain EHA 105 in half-strength MS medium supplemented with 5% of banana cultivar, Mas extract containing 200 mgL -1 L-cysteine, 60µM silver nitrate, without calcium in the medium during co-cultivation in the dark condition at 24°C. The results from the transient gfp gene expression of PLBs suggested that Agrobacterium-mediated transfer of T-DNA to the naturally recalcitrant P. violacea is feasible and is highly efficient. Hence, the use of the gfp marker gene during in vitro screening of the transgenic cells has enabled the visual selection of orchid transformed by Agrobacterium tumefaciens at higher frequency rates.
Introduction
Phalaenopsis violacea have greenish white flowers with purple pigment around the sepals and the lip. P. violacea are native to the peninsular Malaysia and are closely related to P. bellina of the Borneo. P. violacea are important parental varieties to produce novel Phalaenopsis hybrids with special fragrance. In order to improve the quality, modern molecular biology techniques could be applied to transfer desired gene(s) into orchid genome instead of using conventional breeding method which is time consuming and lack of genetic variability.
Currently, Agrobacterium tumefaciens mediated gene transfer system, microprojectile bombardment and direct gene transfer into the orchid protoplast, are the three major gene transformation methods applied in orchid biotechnology. However, Agrobacterium mediated transformation has several advantages over other direct methods such as the transfer of relatively large segments of DNA with little rearrangement and the integration of low copy numbers of T-DNA into transcriptionally active regions of the chromosome and unlinked integration of co-transformed T-DNA (Fang et al., 2002; Olhoft et al., 2004; Lee et al., 2006; Ying et al., 2006) . Attachment of Agrobacterium tumefaciens to target plant cells are essential for tumorigenesis and appear to be mediated by specific receptors located on the bacterial and plant cell surface. Agrobacterium tumefaciens binds to the plant cell in a two step process, in which an initial loose attachment of individual bacterial cells is followed by a tight binding and massive aggregation of bacteria at the host cell surface (Perez Hernandez et al., 1999) .
Attachment of Agrobacterium tumefaciens to plant cells can be observed through a number of microscopy techniques with the specificity of the cellcell contact would be preferably demonstrated by a quantitative measurement of the binding capacities of attachment competent bacteria (Kado, 1998; Vergauwe et al., 1998) . It is believed that the tight attachment of agrobacterial cells to the surface of plant cells is due to microfibrils containing cellulose, a linear plant polysaccharide composed of glucose residues linked by β-1,4 bonds (Gurlitz et al., 1987) . The present experiment describes the study of Agrobacterium attachment to Phalaenopsis violacea cells and tissues, using the quantification of bacterial attachment through the spectrophotometric GFP expression assay.
Early detection of plant transformation events is necessary for the optimisation of transient and stable gene transfer into orchid genome. Green fluorescent protein (GFP) is a convenient marker as it is absent in most wild type organisms unlike some plant species which posses their own gusA gene (GUS expression), thus, interfering in the selection of transformants. Apart from that, GFP is a practical genemarker as it is easy to be observed, non-destructive, and cell autonomous which does not require extragenous substances for fluorescence to occur with the integrity of the target tissue are maintained Jordan, 2000) . Transient gfp gene expression was used to evaluate the efficiency of T-DNA delivery in transformants due to its simple, non-destructive and cell autonomous procedure (Jordan, 2000; Fang et al., 2002) .
Protocorm-like bodies (PLBs) were used as a starting material in the transformation work since it is an activated tissue with the presence of coniferyl alcohol which could induce vir genes in orchids (Nan et al., 1997) and rapidly multiply, proliferate in a shorter period. In the present study, temperatures during cocultivation period, the concentration of Lcysteine, calcium (CaCl 2 ) and silver nitrate (AgNO 3 ) in co-cultivation medium conditions, were identified as important factors in enhancing the percentage of transient gfp gene expression in P. violacea orchid. Hence the identification and studies of such factors of this process hold great promise for the future genetic transformation of various orchid plant species and hybrids, as they might help in the development of conceptually new techniques and approaches needed today to expand the host range of Agrobacterium tumefaciens and to control the transformation process precisely.
Materials and Methods

Plant materials
Phalaenopsis violacea wild orchid plants were obtained from Mr. Michael Ooi's orchid nursery in Seberang Jaya, Penang (Figure 1) kanamycin and incubated at 28ºC and 120 rpm overnight to reach an optimal density. 500µL of the bacterial suspension were streaked on solid LB medium containing 50 mgL -1 kanamycin and incubated at 28ºC for 2-3 days. Single colony were then grown in LB medium containing 50 mgL -1 kanamycin and incubated at 28ºC and 120rpm for 16 hours to reach an optimal density between 0.5-0.75 units at 600nm (OD 600nm ). Quantification of bacterial attachment to Phalaenopsis violacea's root, protocorm -like bodies (PLBs) and shoot tip through spectrophotometric measurement of GFP expression in genetically marked Agrobacterium tumefaciens strains Quantification of bacterial attachment assays were carried out according to method of (Perez Hernandez et al., 1999) . Root, PLBs (3-4mm) and shoot tip were prepared. During preparation, explants were maintained in 25 mM phosphate buffer (pH 7.5). For infection, 1.5 ml Eppendorf tubes filled with 1 ml of the same buffer were loaded with 50µL aliquots of buffer suspended bacteria. Tubes were then incubated in a rotary shaker at 28ºC at 25 rpm for 2 hours. After this period, unbound bacteria were removed by washing the explants 2-3 times with 1 ml fresh buffer and vortexed 60 seconds each time to discard unattached bacteria. Green fluorescent protein (GFP) activity in the samples was measured following the β-glucuronidase activity as mentioned above except there is no substrate was used and the activity quantified by measuring direct light absorbance at 510 nm (A 510nm ) as described by Remans et al. (1999) . Finally, the percentage of inoculated bacteria that remained attached to the different tissues (% Att) was calculated using the formula:
where the variables are the absorbance values corresponding to infected tissues (X), uninfected tissues (Y) and total bacterial inoculum (Z) for each individual combination of explants type and bacterial strain.
Experimental design: Optimization of various parameters affecting gfp gene transfer mechanisms
To assess factors affecting the transformation efficiency in P. violacea PLBs, four different parameters were performed. The parameters were included different temperatures for gene transfer (20, 22, 24, 26, 28, 30 , and 32ºC), various L-cysteine concentrations (0, 100, 200, 300, 400, 500, and 600 mgL -1 ), different calcium strengths (0, 0.25, 0.5, 0.75, 1.0 and 1.5 strengths), and different silver nitrate concentrations (0, 20, 40, 60, 80, 100 , and 120 µM) during co-cultivation period. A range of parameters were evaluated with each experiment containing 30single PLBs per replicate. To determine the optimum conditions for transformation, one factor of the standard conditions was changed each time and the effects on percentage of transient gfp gene expression were evaluated.
Green fluorescent protein (GFP) histochemical assessment
Transient expression levels of gfp gene in the PLBs were assessed three days after co-cultivation period using a stereomicroscope equipped for epifluorescence illumination (Leica MZFLIII). Transformation frequency was calculated as the percentage of PLBs expressing GFP over the total number of inoculated PLBs.
Statistical analysis
Data were analyzed using one-way ANOVA in SPSS 10.0 (SPSS Inc. USA). All analyses were performed at a significance level of 5% with the differences contrasted using Duncan's multiple range test.
Results and Discussion
Quantification of bacterial attachment
Besides the chemotaxis assay (Shaw, 1995; Sreeramanan et al., 2009 ), a system for the quantification of bacterial attachment was developed, which provided information about (i) the specificity of the process for attachmentcomponent Agrobacterium (ii) the amount of inoculated bacteria that effectively bound to plant cells. Microscopic examination of bacteria interacting with the plant cells indicates a significant propensity to attach in a polar fashion (Smith and Hindley, 1978) . Quantitative estimation of binding by Agrobacterium to plant cells has revealed two types of interactions: a nonspecific, non-saturable, aggregation-like interaction readily removed via washes with a buffered salt solution and a specific, saturable interaction (200-1000 bacteria per plant cell) impervious to such washing (Gurlitz et al., 1987) . Therefore, it would be of interest to know whether the same pattern can be found during Agrobacterium-orchid interaction, before attempting transformation in this species. The spectrophotometric GFP assay used for quantification of bacterial attachment revealed the increased binding ability of the attachment -efficient Agrobacterium strains, EHA 101 and 105 (Figure 3 ).
Significant differences were observed among the two Agrobacterium strains tested with the attachment to protocormlike bodies of P. violacea compared with the other explants (Figure 3 ). This could be due to protocorm like-bodies segments contain the highest exposed cell surface of all explants tested and thus provide the most numerous binding sites for an effective attachment of competent bacteria. In the cases of other types of explant, the proportion of intercellular spaces where bacteria could refugee and escape from washings is increased with respect to the available sites for an effective binding, diminishing the differences between binding-deficient and efficient bacteria for colonizing these tissues. Therefore, PLBs provide a better system for studying bacterial attachment to plant cells. Using this type of tissue, bacterial attachment to wheat, maize, pea and banana cells could be also quantified, illustrating the applicability of the system to the study of Agrobacterium attachment to other plant species (Perez Hernandez et al., 1999; Sreeramanan et al., 2006) . Similarly to what was observed in the case of P. violacea orchid, the superior binding ability of the attachment-competent Agrobacterium strains was also evidenced (Figure 3) .
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Optimisation of gene transfer using two different hypervirulent Agrobacterium tumefaciens strains
Agrobacterium strains EHA 101 is derived from the supervirulent wild-type strain A281 and subsequent removal of kanamycin resistance gene from the bacterial chromosomes derived strain EHA 105. These supervirulent derivatives are highly efficient in gene transfer. The agropine-type hypervirulent strain EHA 105 was proved to be more efficient in gene transfer compared to the octopinetype (i.e. strain LBA 4404) and nopalinetype (i.e. strain GV 3101) in Zea mays L. (Huang and Wei, 2005) . In comparison between strain LBA 4404 and EHA 101, it was shown that successful wheat transformation was facilitated by EHA 101 (McCormac et al., 1998; Karami, 2008) . In our experiments, T-DNA delivery was higher in EHA 105 assisted transformation than EHA 101 in all evaluated factors. This is probably due to the increase induction of vir genes, by virG and virA genes of the disarmed pTiBo542 of the EHA 105 (Gelvin, 2003; Karami, 2008 
Different temperature conditions
Temperature has been considered a factor affecting the capacity of Agrobacterium to transfer the T-DNA to plant cells (Karami, 2008) . The optimal temperature for both transient and stable transformation events should be evaluated with each specific explants and Agrobacterium tumefaciens strains involved (Sales et al., 2001) . The effect of different temperatures for gene transfer on transient gfp gene expression in Phalaenopsis violacea PLBs were tested at the range of 20-32ºC with 2ºC intervals.
The highest gene transfer was observed at 24˚C with no significant difference (p<0.05) between both strains (Figure 4) . Transformation efficiency was greatly reduced at lower and higher temperature.
Based on the transient gfp gene expression, temperature is a vital parameter during gene transfer. Low temperature of 24°C for co-cultivation of Agrobacterium has been optimized for other monocots such as Alstromeia plants (Kim et al., 2007) and dicots such as tomato (Ahsan et al., 2007) . Low temperatures were suggested to improve pili number on cell surface for better attachment and better functioning of the virB-virD4 (Fullner et al., 1996) , hence, the enhancement of transformation. Higher transformation frequency was observed in maize immature embryo transformation at 20ºC than at 23ºC when using a standard binary vector (Frame et al., 2002) . In contrast to the results of Dillen et al. (1997) which reported that temperatures of 25 and 28ºC yielded significantly greater kenaf shoot apex survival on selection medium than 16 and 19ºC. L-cysteine antioxidant effect on Agrobacteriummediated transformation has been studied intensively in soybean varieties (Olhoft et al., 2001; Paz et al., 2004; Liu et al., 2008) . While evaluating for effect of different concentrations of L-cysteine supplement in the co-cultivation media, it was found that the highest expression of gfp gene is at 200 mgL -1 of L-cysteine ( Figure 5 ). Higher concentrations of Lcysteine (more than 200 mgL -1 ) result in less transient gfp gene expression and browning on PLBs, similar to those symptoms caused by hypersensitive response.
L-cysteine supplement in the cocultivation media was notably assist gene transfer in P. violacea in both strains. Lcysteine is an effective inhibitor for polyphenol oxidases (PPOs), peroxidases (PODs) and enzymatic browning. It has been reported that with the addition of Lcysteine could significantly increases transformation efficiency, especially in combination of other thiol compounds (Olhoft et al., 2001) or surfactant (Liu et al., 2008) . The authors also suggested that L-cysteine improve transformation by reducing plant defense response to pathogen attack, plant wounding and environmental stresses throughout cocultivation period. L-cysteine therefore reduced plant cell death, enzymatic browning of wounded sites, and increase bacterial susceptibility which subsequently improved transformation efficiency. However, higher L-cysteine concentration results in browning of the PLBs, similar to those observed in hypersensitivity symptoms. It is possible that at high concentration, the explants utterly loss its capability to recover itself from the wounding stress and pathogen attack hence causing death and reduced percentage of transformation. For each parameter, three replicates were used containing ten PLBs per replicate and were repeated three times. Data were analyzed using one-way ANOVA and the differences contrasted using Duncan's multiple range test. Different letters indicate values are significantly different (p<0.05).
Different strengths of calcium
Calcium is important for structural roles in cell wall and membranes. Calcium ion directly acts as an ionic cross-linkage of the carboxyl groups of linear macro molecule in the cell wall. Deficiencies of calcium lead to deterioration of cell membrane resulting in cells become leaky, modified with consequently reduced the cell wall matrixs, opposing Agrobacterium cell attachment. Therefore, presence of calcium during co-cultivation period confers adverse effect on transient expression of gfp gene in PLBs. T-DNA transfer was significantly (p<0.05) the most efficient at the absence of (0 mgL -1 ) calcium (Figure 6 ). Strains, EHA 101 and EHA 105, recorded 65% and 70% transformation rate, respectively, in the calcium-free co-cultivation medium. As the concentration increases, gene transfer by both Agrobacterium strains decreases dramatically.
Calcium also required in regulating various secondary messengers coordinating numerous developmental signals as well as changes in cell status in respond to environmental and disease challenges. It is observed that calcium deprived co-cultivation media enhanced Agrobacterium-mediated transformation. Calcium-free medium was proved to deplete 91% of endogenous calcium in Hevea brasiliensis calli (Montoro et al., 2000) which initially reduce the cell wall matrix due to the changes on cell wall structure and finally, increase T-DNA delivery into the plant cell (Montoro et al., 2003) . For each parameter, three replicates were used containing ten PLBs per replicate and were repeated three times. Data were analyzed using one-way ANOVA and the differences contrasted using Duncan's multiple range test. Different letters indicate values are significantly different (p<0.05).
Different concentrations of silver nitrate
Silver nitrate compound is known to inhibit ethylene production from the in vitro culture, which affects plant cell growth mechanisms. Generally it is known that silver nitrate will suppress the ethylene biosynthesis pathways via Ag + reducing capacity to bind various ethylene receptors. In this study, the effect of different silver nitrate concentrations on Phalaenopsis violacea PLBs for determination of transformation efficiency were examined based on the percentage of transient GFP expression. Different silver nitrate concentrations in co-cultivation media were found influencing gfp gene transfer into the PLBs explants. It was observed that, 80% and 71% of PLBs Similar to L-cysteine, silver nitrate is also an antioxidant compound. EnriquezObregon et al. (1997) reported that competence of sugarcane plant tissue to the Agrobacterium-mediated gene transfer was improved with the appropriate addition of antioxidant compounds, including silver nitrate, cysteine and ascorbic acid. They observed that, cell death due to hypersensitivity reaction after cutting was decreased with the addition of these antioxidant compounds. At higher concentration (more than 60µM) of silver nitrate, the gene transfer severely decreased due to accumulation of phenolic compounds in the PLBs. Tao and Li (2006) also observed the same phenomenon of increased transformation efficacy of Torenia fournieri in low concentration and decreases at high concentration of silver nitrate. Hence, silver nitrate significantly suppresses the Agrobacterium growth during co-culture without any effect on the T-DNA delivery and integration into the orchid genome. In addition, the suppressed of Agrobacterium growth on the PLBs could facilitate plant cell recovery and improved the regeneration process (Opabode, 2006) . 
Conclusion
The quantification system proved that Agrobacterium is able to attach specifically to different types of P. violacea orchid cells based on the GFP spectrometric assay. GFP can provide a simple yet powerful tool for optimizing Agrobacterium tumefaciens colonization and infection of plant tissues resulting in increased transformation frequency of plant tissue. Once Agrobacterium reaches the neighbourhood of wounded tissues, the next step required for the development of plant tumors is its attachment to plant cells. Agrobacterium was able to bind to wounded as well as to unwounded plant cell surfaces, questioning the long debated requirement of plant cell damage for transformation, at least during the initial phase of bacterial colonization. In addition, the binding process was quantified, which provided a further evidence for the specific ability of virulent Agrobacterium to colonize tissues from PLBs of P. violacea. Tissue browning is apparently a part of plant defense machinery which makes a dead cell barrier around the wounded sites to protect plants from further spread of injury. 
